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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a method of
operating a gateway device. Furthermore, the present
disclosure relates to a computer program for carrying out
said method. In addition, the present disclosure relates to
a corresponding gateway device.

BACKGROUND

[0002] Localization systems are typically configured to
aid a mobile node to determine its position within a
predefined area. For example, satellite-based localiza-
tion systems typically contain a plurality of satellites,
which transmit signals to the mobile node, so that the
latter can determine its position. Similarly, indoor locali-
zation systems may deploy different communication
technologies in order to support a mobile node to deter-
mine its position. For example, ultra-wideband (UWB)
communication may be used for this purpose. In that
case, ranging operations may be performed between
one or more UWB nodes and the mobile node.

SUMMARY

[0003] In accordance with a first aspect of the present
disclosure, a method of operating a gateway device is
conceived, comprising: detecting, by a detection unit
included in the gateway device, that an external mobile
node is within a predefined distance from the gateway
device; determining, by a movement determination unit
included inthe gateway device, a spatial movement ofthe
mobile node; performing, by a localization handover unit
included in the gateway device, a logical handover of the
mobile node from a first localization system to a second
localization system in dependence on the determined
spatial movement.

[0004] In one or more embodiments, the handover is
performed if the determined spatial movement indicates
that the mobile node physically approaches the gateway
device.

[0005] Inone or more embodiments, the detection unit
further detects a direction of UWB signals transmitted by
the mobile node, and wherein the localization handover
unit performs said logical handoverin dependence on the
determined spatial movement and said direction of UWB
signals transmitted by the mobile node.

[0006] In one or more embodiments, the gateway de-
vice forms part of the second localization system.
[0007] In one or more embodiments, the first localiza-
tion system is a satellite-based localization system and
the second localization system is a localization system
based on ultra-wideband (UWB) communication.
[0008] Inone or more embodiments, the detection unit
detects whether the mobile node is within said predefined
distance by causing one or more UWB nodes of the
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second localization system to perform an object detec-
tion operation, and wherein the movement determination
unit determines the spatial movement by causing the
UWB nodes to perform ranging operations with the mo-
bile node.

[0009] In one or more embodiments, performing the
logical handover comprises transmitting first data from
the localization handover unit to a localization unit com-
prised in the second localization system, wherein said
first data at least includes a current position of the mobile
node and a direction of movement.

[0010] In one or more embodiments, performing the
logical handover comprises transmitting second data
from the localization handover unit to the mobile node,
wherein said second data at least includes a map of a
predefined area covered by the second localization sys-
tem.

[0011] In one or more embodiments, the detection unit
detects the mobile node by periodically broadcasting
discovery beacons and receiving a response to at least
one of said beacons, or by receiving one or more beacons
transmitted by the mobile node.

[0012] Inone or more embodiments, the detection unit
further negotiates communication parameters with the
mobile node, said parameters being usable by the move-
ment determination unit and the localization handover
unit for communication with the mobile node.

[0013] In one or more embodiments, the localization
handover unit instructs the mobile node to cease inter-
action with the first localization system after performing
the logical handover.

[0014] In one or more embodiments, the first localiza-
tion system is an outdoor localization system and the
second localization system is an indoor localization sys-
tem; or the first localization system is an indoor localiza-
tion system and the second localization system is an
outdoor localization system; or the first localization sys-
tem is an indoor localization system and the second
localization system is an indoor localization system.
[0015] In accordance with a second aspect of the pre-
sent disclosure, a computer program is provided, com-
prising executable instructions which, when executed by
a gateway device, cause said gateway device to perform
a method of the kind set forth.

[0016] Inaccordance with a third aspect of the present
disclosure, a gateway device is provided, comprising: a
detection unit configured to detect that an external mobile
node is within a predefined distance from the gateway
device; a movement determination unit configured to
determine a spatial movement of the mobile node; a
localization handover unit configured to perform a logical
handover of the mobile node from a first localization
system to a second localization system in dependence
on the spatial movement determined by the movement
determination unit.

[0017] In one or more embodiments, the localization
handover unit is configured to perform said logical hand-
over if the spatial movement determined by the move-
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ment determination unit indicates that the mobile node
physically approaches the gateway device.

DESCRIPTION OF DRAWINGS

[0018] Embodiments will be described in more detail
with reference to the appended drawings.

Fig. 1 shows an illustrative embodiment of a method
of operating a gateway device.

Fig. 2 shows anillustrative embodiment of a gateway
device.

Fig. 3 shows an illustrative embodiment of an appli-
cation scenario.

Fig. 4 shows an illustrative embodiment of a com-
munication flow.

DESCRIPTION OF EMBODIMENTS

[0019] As mentioned above, localization systems are
typically configured to aid a mobile node to determine its
position within a predefined area. However, often there
are different types of localization systems in active use,
which typically cover different geographical areas, such
as outdoor areas and indoor areas. In that case, it may be
difficult to transition from one localization system to an-
other. For instance, if a mobile node determines its posi-
tion using satellite signals and subsequently enters a
building, user input may be required to configure the
mobile node for interaction with an indoor localization
system. Furthermore, in case of autonomous vehicles, a
correct interaction with such an indoor localization sys-
tem is very important. Therefore, it may be desirable to
facilitate that a mobile node transitions between different
localization systems.

[0020] Examples of mobile nodes are devices used for
navigational purposes, for example for use within a ve-
hicle. Devices operating outdoor may derive their abso-
lute positions using Global Navigation Satellite System
(GNSS) communications. Whenever these devices are
travelling from outdoor areas to indoor spaces, in which
satellite signals cannot penetrate or cannot be used for
positioning, they will lose the GNSS signals and therefore
their spatial awareness. Therefore, other technologies
should be used, specifically for realizing real-time loca-
lization in order to determine and track the location of
objects or people in indoor spaces. For example, UNB
communication technology may be used for this purpose.
However, devices of this kind typically do not automati-
cally transition from a satellite-based localization system
to an UWB-based localization system. Ideally, end users
will maintain their positioning information without realiz-
ing that the underlying technology used to retrieve it has
changed. This goal is difficult to achieve if mobile nodes
do not automatically transition between localization sys-
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tems.

[0021] Now are discussed a method of operating a
gateway device, as well as a corresponding gateway
device, which facilitate that mobile nodes transition be-
tween localization systems.

[0022] Fig. 1 shows an illustrative embodiment of a
method 100 of operating a gateway device. The method
100 comprises the following steps. At 102, a detection
unit included in the gateway device detects that an ex-
ternal mobile node is within a predefined distance from
the gateway device. At 104, a movement determination
unit included in the gateway device determines a spatial
movement of the mobile node. Furthermore, at 106, a
localization handover unitincluded in the gateway device
performs a logical handover of the mobile node from a
firstlocalization systemto a second localization systemin
dependence on the determined spatial movement. By
performing these steps, it is facilitated that the mobile
node transitions from the first localization system to the
second localization system.

[0023] In one or more embodiments, the logical hand-
over is performed if the determined spatial movement
indicates that the mobile node physically approaches the
gateway device. In this way, the logical handover may
only be performed if the transition from the first localiza-
tion system to the second localization system is intended.
In other words, unintended transitions may be avoided
more easily. In one or more embodiments, the detection
unitfurther detects a direction of UWB signals transmitted
by the mobile node, and the localization handover unit
performs said logical handover in dependence on the
determined spatial movement and said direction of UWB
signals transmitted by the mobile node. In this way, a
more precise determination of the spatial movement of
the mobile node may be enabled. In a practical imple-
mentation, the gateway device forms part of the second
localization system. In this way, the hardware resources
ofthe second localization system may be reused, thereby
avoiding an increase in hardware cost.

[0024] In one or more embodiments, the first localiza-
tion system is a satellite-based localization system and
the second localization system is a localization system
based on UWB communication. In this way, the method
may facilitate that the mobile node transitions from a
satellite-based localization system to a localization sys-
tem based on UWB communication. Satellite-based lo-
calization is particularly suitable for outdoor use, while
UWB-based localization is particularly suitable for indoor
use. In one or more embodiments, the detection unit
detects whether the mobile node is within the predefined
distance by causing one or more UWB nodes of the
second localization system to perform an object detec-
tion operation, and the movement determination unit
determines the spatial movement by causing the UWB
nodes to perform ranging operations with the mobile
node. In this way, existing hardware of a UWB-based
localization system may be reused for the purpose of
facilitating the transition of the mobile node. The skilled
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person will appreciate that performing the object detec-
tion operation may be implemented in different ways. For
example, instead of actively transmitting signals to detect
an object, the UWB nodes may also only listen to incom-
ing signals transmitted by the object in order to detect it.
[0025] In one or more embodiments, performing the
logical handover comprises transmitting first data from
the localization handover unit to a localization unit com-
prised in the second localization system, wherein said
first data at least includes a current position of the mobile
node and a direction of movement. In this way, itis further
facilitated that the mobile node transitions from the first
localization system to the second localization system. In
one or more embodiments, performing the logical hand-
over comprises transmitting second data from the loca-
lization handover unit to the mobile node, wherein said
second data at least includes a map of a predefined area
covered by the second localization system. In this way, it
is further facilitated that the mobile node transitions from
the first localization system to the second localization
system.

[0026] Inone or more embodiments, the detection unit
detects the mobile node by periodically broadcasting
discovery beacons and receiving a response to at least
one of said beacons, or by receiving one or more beacons
transmitted by the mobile node. In this way, the detection
of the mobile node is facilitated. In one or more embodi-
ments, the detection unit further negotiates communica-
tion parameters with the mobile node, said parameters
being usable by the movementdetermination unitand the
localization handover unit for communication with the
mobile node. In this way, a communication protocol be-
tween the gateway device and the mobile node may
conveniently be set up during the detection phase of
the presently disclosed method. In one or more embodi-
ments, the localization handover unit instructs the mobile
node to cease interaction with the firstlocalization system
after performing the logical handover. In this way, the
transition from the first localization system to the second
localization system may easily be concluded.

[0027] In one or more embodiments, the first localiza-
tion system is an outdoor localization system and the
second localization system is an indoor localization sys-
tem, or the first localization system is an indoor localiza-
tion system and the second localization system is an
outdoor localization system, or the first localization sys-
tem is an indoor localization system and the second
localization system is an indoor localization system.
Thus, the presently disclosed method may be used to
transition the mobile node between different types of
localization systems, either outdoor to indoor, indoor to
outdoor, or indoor to indoor.

[0028] Fig. 2 shows an illustrative embodiment of a
gateway device 200. The gateway device 200 comprises
a detection unit 202, a movement determination unit 204
and a localization handover unit 206. The detection unit
202 is configured to detect that an external mobile node
(not shown) is within a predefined distance from the
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gateway device. It is noted that the term "external" refers
to the fact that the mobile node does not form part of the
gateway device 100. Furthermore, the movement deter-
mination unit 204 is configured to determine a spatial
movement of the mobile node. Furthermore, the localiza-
tion handover unit 206 is configured to perform a logical
handover of the mobile node from a first localization
system (not shown) to a second localization system
(not shown) in dependence on the spatial movement
determined by the movement determination unit 204. It
is noted that, although the detection unit 202, movement
determination unit204 and localization handover unit 206
have been shown as separate units, two or more of them
may be combined into a single processing unit (i.e., intoa
single hardware and/or software component). As men-
tioned above with reference to the corresponding meth-
od, by performing the detection, the movement determi-
nation and the logical handover in dependence on the
determined movement, it is facilitated that the mobile
node transitions from the first localization system to the
second localization system. Optionally, the detection unit
may also be configured to detect the direction of UWB
signals transmitted by the mobile node. In that case, the
localization handover unit may be configured to perform
the logical handover in dependence on the determined
spatial movement and said direction.

[0029] The presently disclosed method and corre-
sponding gateway device make it easier to ensure that
devices travelling from outside to inside areas (and vice
versa), will maintain their spatial awareness and seam-
lessly switch from, for example, GNSS to UWB technol-
ogy as source of positioning. In a practical implementa-
tion, a UWB gateway device may be responsible for
detecting approaching or exiting devices and for nego-
tiating connection settings. For example, in case mobile
nodes are integrated into vehicles, the UWB gateway
device may communicate to these mobile nodes which
UWB frequency to use, as well as the identifiers of fixed
UWB nodes (i.e., anchor nodes) that form part of the
second localization system. Furthermore, maps - or re-
ference points to known maps - may be built, maintained
and shared upon connections, so that the devices will
always know their locations. Furthermore, the actual
handover moment may be defined, for example when
to break GNSS and/or UWB in order to switch to the other
technology.

[0030] The presently disclosed method and corre-
sponding gateway device may be used to facilitate the
transition of mobile nodes between any indoor and out-
door localization systems, regardless of the technologies
they adopt. In other words, GNSS-based and UWB-
based localization systems are merely examples of such
systems. Furthermore, even indoor-to-indoor transitions
may be facilitated, in case multiple indoor localization
systems based on different technologies are used. For
example, the presently disclosed method and corre-
sponding gateway device may facilitate the transition
of a mobile node from an indoor, Bluetooth low energy
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(BLE)-based localization system to an indoor UWB-
based localization system.

[0031] The presently disclosed method and corre-
sponding gateway device may be used in a variety of
different applications. In the following, an example will be
described, in which the method is applied in an automo-
tive use case. In the automotive industry, a lot of re-
sources are being invested in autonomous cars. To be
able to drive in all conditions, cars are equipped with
many sensors and different technologies. For instance,
GNSS receivers are nowadays present in almost every
vehicle. Their primary goal is to listen to the satellite
messages and use them to compute the position of the
car and eventually navigate the driver (and the car) from
point A to point B. In the case of autonomous driving, the
car should always know its position to be able to make the
right decisions. When point A and point B of the journey
are in different scenarios - for example when B is inside a
parking garage - then the GNSS navigation system may
not be able to inform the car about the next move,
because satellite signals cannot be used reliably indoors.
[0032] For autonomous vehicles, not losing spatial
awareness (i.e., not losing their positioning ability), even
for a short amount of time, is critical as there is no
possibility to rely on a human’s vision or intervention to
decide which direction to take. In addition to GNSS
receivers, modern cars often contain one or more
UWB-based receivers, which may be used for secure
car access applications. However, UWB-based localiza-
tion systems are gaining popularity and it may be en-
visaged that indoor places will be equipped with many
UWB nodes. If the presently disclosed method and gate-
way device are applied to transition the car’s navigation
system from the GNSS-based localization system to the
UWB-based localization system, a loss of the positioning
ability, and a resulting interruption of the navigation sys-
tem when the car enters the indoor space, may be
avoided. In other words, the car (or driver) may not see
any disconnection, because a seamless handover may
be performed from the GNSS-based localization system
to the UWB-based localization system, and vice versa.
[0033] In a more detailed implementation, which re-
presents a non-limiting example, the presently disclosed
method may contain the following steps. First, a UWB
gateway device may periodically broadcast discovery
beacons (UWB, BLE or Wi-Fi beacon signals, for exam-
ple) looking for approaching vehicles. If a connection is
made during a connection phase, then this connection
may be used to negotiate settings for subsequent UWB
communications, e.g., which channel and coding
schemes to use in following communications. Subse-
quently, a monitoring phase may start. During this phase,
it may be determined whether a vehicle (or a person) is
effectively approaching the indoor space. For this pur-
pose, the gateway device may enter into a ranging mode
in which UWB-based ranging operations may be per-
formed. For instance, if (ranging) distances are increas-
ing, the connection may be broken, and the device is
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assumed to be passing by. In that case, the method may
return to the first step. Otherwise, if the distances (and/or
angles) decreasing, the next phase (i.e., the handover
phase) of the method may start.

[0034] During the handover phase, handover informa-
tion may be exchanged between the approaching mobile
node (i.e., the navigation system of the car) and the
indoor ’destination’ place and its infrastructure. For ex-
ample, UWB, BLE or other wireless technologies may be
used to exchange relevant information, such as the mo-
bile node’s current absolute position and speed, the set of
UWB anchors to range with, and indoor map information.
Then, upon successful reception of the handover infor-
mation, the mobile node may start to retrieve its position
using UWB, while the satellite is still visible. During a
translation phase UWB positions may be loaded into the
map that is used by the GNSS system. This task may be
performed an end-user application, for example an on-
board car computer. If the translation is successful, then
the GNSS module may be deactivated (i.e., GNSS sig-
nals may be ignored), such that the navigation will rely
only on UWB ranging operations. In other words, the
mobile node then fully operates in a UWB ranging mode.
It is noted that the reverse mechanism may also be
envisioned. In that case, when the mobile node ap-
proaches the UWB gateway device, the UWB commu-
nication may be maintained until valid GNSS satellite
data are available to the mobile node.

[0035] Itis noted that UWB technology - also referred to
as impulse-radio ultra-wideband (IR-UWB) - is an RF
communication technology that uses pulses having a
short duration for data communication. An important
feature of IR-UWB technology is that it can be used for
secure and accurate distance measurements between
two or more devices. Typical distance measurement
methods are the so-called single-sided two-way ranging
(SS-TWR) method and the double-sided two-way ran-
ging (DS-TWR) method. In a ranging mode of operation,
frames will typically be exchanged between two devices
via at least one antenna on each device, and at least a
SS-TWR operation will be carried out (which may also be
referred to as a ping-pong operation). In particular, chan-
nel impulse responses (CIRs) are estimated on both
devices, timestamps will be generated based on the CIRs
on both devices, and those timestamps are exchanged.
Then, a time of flight (ToF) is calculated based on the
timestamps and a range (i.e., a distance) is calculated
based on the ToF. Alternatively, a DS-TWR operation
may be carried out (which may also be referred to as a
ping-pong-ping operation).

[0036] Itis noted thatan angle-of-arrival (AoA) mode of
operation is similar to a ranging mode, but it involves at
least two antennas on one device. In particular, in an AcA
mode of operation, two phase values associated with at
least two CIRs are calculated on one device. Then, a
phase difference of arrival (PDoA) is calculated based on
the two phase values, and an AoA is calculated based on
the PDoA. An AoA mode of operation may facilitate a
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more accurate determination of the position of an object,
and may thus complement ranging operations performed
in the ranging mode. As used in this description, the
ranging mode of operation may therefore be extended
to include the AoA mode of operation, in the sense that
when a device operates in the ranging mode, it may
optionally perform additional operations which are typi-
cally performed in the AoA mode of operation. Further-
more, as used herein, the ranging mode may include
performing operations based on a so-called Time Differ-
ence of Arrival (TDoA) technique, instead of a ToF tech-
nique. The TDoA technique is a method which is based
on the different arrival times. It is a one-way communica-
tion in which either only the infrastructure is transmitting
and the mobile nodes only receiving or vice versa. The
TDoA technique is particularly suitable for real-time lo-
calization operations. Generally speaking, the term "ran-
gingmode" covers all types localization operations based
on UWB message exchanges with an external UWB
communication device. It is noted that AoA calculations
may be used in combination with both ToF calculations
and TDoA calculations. In practice, the TDoA may be the
most suitable because it guarantees the highest scal-
ability, in particular for the first detection phase. After the
detection phase, the system may be switched to TWR as
both the vehicle and the gateway intend to communicate
data.

[0037] Fig. 3 shows an illustrative embodiment of an
application scenario 300. In particular, in this scenario
300 a car 302 is driving outside, while it only relies on
communication with satellites 304, 306 for its navigation.
More specifically, the car is approaching a building 308
(e.g., an indoor parking) and it is using a navigation
system based on GNSS communication. Then, the
UWB gateway devices 310, 312 sense the car 302 via
their discovery mechanism and start the monitoring
phase, which is intended to properly classify anincoming
device (i.e., to classify it as approaching the building in
order to enter it, or as passing by). Once the vehicle is
classified as approaching, the handover phase may start.
Then, the gateway devices 310, 312 and the car 302 will
exchange all the information needed to break the GNSS-
based navigation and switch to UWB-based navigation.
For the UWB-based navigation, the car 302 determines
its position by performing ranging operations with UWB
nodes 314, 316. It is noted that, although multiple gate-
way devices 310, 312 are shown, it is also possible to use
only a single UWB gateway device.

[0038] Fig. 4 shows an illustrative embodiment of a
communication flow 400. In this implementation, which
represents a non-limiting example, the UWB gateway
402 is responsible for finding approaching vehicles by
broadcasting discovery beacons (DBs). These are
picked up by UWB-equipped devices and from that mo-
ment, the UWB gateway 402 will start monitoring the
behavior of the car 404, i.e., determining if it is an ap-
proaching vehicle oritis just passing or driving by. To take
this decision, several metrics may be used (e.g., UWB
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received signal strength indicators). In another imple-
mentation, UWB-based ranging may be performed be-
tween the car 404 and the UWB gateway 402 during the
monitoring phase. In that case, the resulting distance
estimates, and optionally direction estimates, could be
used by the UWB gateway 402 to classify the device as
either approaching or passing by. If it is determined that
the car 404 indeed enters the indoor space, then actual
handover will take place. An important task of the UWB
gateway 402 is then to provide all the information to the
car402, e.g., which UWB anchors of the UWB infrastruc-
ture 406 to use, their fixed positions and other relevant
information. Another important task is to translate the
position information from absolute position information to
relative position information, and vice versa. The UWB
infrastructure 406 that is deployed in the indoor space will
also be triggered by the UWB gateway 402 (which may
also form part of this infrastructure 406) to make sure it
will expect the car 404. At this moment, the car 404 will
fully switch to UWB-based navigation and ignore any still
visible GNSS signals. This process may be executed
entirely in the background, so that users do not need
to be aware of the technology used to guide them indoor.
[0039] The systems and methods described herein
may at least partially be embodied by a computer pro-
gram or a plurality of computer programs, which may
exist in a variety of forms both active and inactive in a
single computer system or across multiple computer
systems. For example, they may exist as software pro-
gram(s) comprised of program instructions in source
code, object code, executable code or other formats
for performing some of the steps. Any of the above
may be embodied on a computer-readable medium,
which may include storage devices and signals, in com-
pressed or uncompressed form.

[0040] As used herein, the term "computer" refers to
any electronic device comprising a processor, such as a
general-purpose central processing unit (CPU), a spe-
cific-purpose processor or a microcontroller. A computer
is capable of receiving data (an input), of performing a
sequence of predetermined operations thereupon, and
of producing thereby a result in the form of information or
signals (an output). Depending on the context, the term
"computer" will mean either a processor in particular or
more generally a processor in association with an as-
semblage of interrelated elements contained within a
single case or housing.

[0041] The term "processor" or "processing unit" refers
to adata processing circuit that may be a microprocessor,
a co-processor, a microcontroller, a microcomputer, a
central processing unit, a field programmable gate array
(FPGA), a programmable logic circuit, and/or any circuit
that manipulates signals (analog or digital) based on
operational instructions that are stored in a memory.
The term "memory" refers to a storage circuit or multiple
storage circuits such as read-only memory, random ac-
cess memory, volatile memory, non-volatile memory,
static memory, dynamic memory, Flash memory, cache
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memory, and/or any circuit that stores digital information.
[0042] Asused herein, a"computer-readable medium"
or"storage medium" may be any means that can contain,
store, communicate, propagate, or transport a computer
program for use by or in connection with the instruction
execution system, apparatus, or device. The computer-
readable medium may be, for example but not limited to,
an electronic, magnetic, optical, electromagnetic, infra-
red, or semiconductor system, apparatus, device, or
propagation medium.

[0043] It is noted that the embodiments above have
been described with reference to different subject-mat-
ters. In particular, some embodiments may have been
described with reference to method-type claims whereas
other embodiments may have been described with re-
ference to apparatus-type claims. However, a person
skilled in the art will gather from the above that, unless
otherwise indicated, in addition to any combination of
features belonging to one type of subject-matter also any
combination of features relating to different subject-mat-
ters, in particular a combination of features of the method-
type claims and features of the apparatus-type claims, is
considered to be disclosed with this document.

[0044] Furthermore, it is noted that the drawings are
schematic. In different drawings, similar or identical ele-
ments are provided with the same reference signs.
Furthermore, it is noted that in an effort to provide a
concise description of the illustrative embodiments, im-
plementation details which fall into the customary prac-
tice of the skilled person may not have been described. It
should be appreciated that in the development of any
such implementation, as in any engineering or design
project, numerous implementation-specific decisions
must be made in order to achieve the developers’ specific
goals, such as compliance with system-related and busi-
ness-related constraints, which may vary from one im-
plementation to another. Moreover, it should be appre-
ciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for
those of ordinary skill.

[0045] Finally, itis noted that the skilled person will be
able to design many alternative embodiments without
departing from the scope of the appended claims. In the
claims, any reference sign placed between parentheses
shall not be construed as limiting the claim. The word
"comprise(s)" or "comprising" does not exclude the pre-
sence of elements or steps other than those listed in a
claim. The word "a" or "an" preceding an element does
not exclude the presence of a plurality of such elements.
Measures recited in the claims may be implemented by
means of hardware comprising several distinct elements
and/or by means of a suitably programmed processor. In
a device claim enumerating several means, several of
these means may be embodied by one and the same item
of hardware. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be
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used to advantage.

LIST OF REFERENCE SIGNS

[0046]

100 method of operating a gateway device

102 detecting, by a detection unit included in a gate-
way device, that an external mobile node is with-
in a predefined distance from the gateway device

104  determining, by a movement determination unit
included in the gateway device, a spatial move-
ment of the mobile node

106 performing, by a localization handover unit in-
cluded in the gateway device, a logical handover
of the mobile node from a first localization sys-
tem to a second localization system in depen-
dence on the determined spatial movement

200 gateway device

202  detection unit

204  movement determination unit

206 localization handover unit

300 application scenario

302 car

304 satellite

306 satellite

308  building

310 gateway device

312  gateway device

314  UWB node

316 UWB node

400 communication flow

402 UWB gateway

404  car

406  UWB infrastructure

Claims

1. A method of operating a gateway device, compris-
ing:

detecting, by a detection unit included in the
gateway device, that an external mobile node
is within a predefined distance from the gateway
device;

determining, by a movement determination unit
included in the gateway device, a spatial move-
ment of the mobile node;

performing, by a localization handover unit in-
cludedinthe gateway device, alogical handover
of the mobile node from a first localization sys-
tem to a second localization system in depen-
dence on the determined spatial movement.

2. The method of claim 1, wherein the handover is
performed if the determined spatial movement indi-
cates that the mobile node physically approaches
the gateway device.
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The method of claim 1 or 2, wherein the detection unit
further detects a direction of UWB signals trans-
mitted by the mobile node, and wherein the localiza-
tion handover unit performs said logical handover in
dependence on the determined spatial movement
and said direction of UWB signals transmitted by the
mobile node.

The method of any preceding claim, wherein the
gateway device forms part of the second localization
system.

The method of any preceding claim, wherein the first
localization system is a satellite-based localization
system and the second localization system is a
localization system based on ultra-wideband,
UWB, communication.

The method of claim 5, wherein the detection unit
detects whether the mobile node is within said pre-
defined distance by causing one or more UWB
nodes of the second localization system to perform
an object detection operation, and wherein the
movement determination unit determines the spatial
movement by causing the UWB nodes to perform
ranging operations with the mobile node.

The method of any preceding claim, wherein per-
forming the logical handover comprises transmitting
first data from the localization handover unit to a
localization unit comprised in the second localization
system, wherein said first data at least includes a
current position of the mobile node and a direction of
movement.

The method of any preceding claim, wherein per-
forming the logical handover comprises transmitting
second data from the localization handover unit to
the mobile node, wherein said second data at least
includes a map of a predefined area covered by the
second localization system.

The method of any preceding claim, wherein the
detection unit detects the mobile node by periodically
broadcasting discovery beacons and receiving a
response to at least one of said beacons, or by
receiving one or more beacons transmitted by the
mobile node.

The method of any preceding claim, wherein the
detection unit further negotiates communication
parameters with the mobile node, said parameters
being usable by the movement determination unit
and the localization handover unit for communica-
tion with the mobile node.

The method of any preceding claim, wherein the
localization handover unit instructs the mobile node
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to cease interaction with the first localization system
after performing the logical handover.

The method of any preceding claim, wherein:

the first localization system is an outdoor loca-
lization system and the second localization sys-
tem is an indoor localization system; or

the first localization system is an indoor localiza-
tion system and the second localization system
is an outdoor localization system; or

the first localization systemis an indoor localiza-
tion system and the second localization system
is an indoor localization system.

A computer program comprising executable instruc-
tions which, when executed by a gateway device,
cause said gateway device to perform the method of
any preceding claim.

A gateway device, comprising:

a detection unit configured to detect that an
external mobile node is within a predefined dis-
tance from the gateway device;

a movement determination unit configured to
determine a spatial movement of the mobile
node;

a localization handover unit configured to per-
form a logical handover of the mobile node from
a first localization system to a second localiza-
tion system in dependence on the spatial move-
ment determined by the movement determina-
tion unit.

The gateway device of claim 14, wherein the loca-
lization handover unit is configured to perform said
logical handover if the spatial movement determined
by the movement determination unit indicates that
the mobile node physically approaches the gateway
device.

Amended claims in accordance with Rule 137(2)
EPC.

1.

A method (100) of operating a gateway device, com-
prising:

detecting (102), by a detection unit included in
the gateway device, that an external mobile
node is within a predefined distance from the
gateway device;

determining (104), by a movement determina-
tionunitincluded in the gateway device, a spatial
movement of the mobile node;

performing (106), by alocalization handover unit
included in the gateway device, a logical hand-
over of the mobile node from a first localization
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system to a second localization system in de-
pendence on the determined spatial movement.

The method (100) of claim 1, wherein the handoveris
performed if the determined spatial movement indi-
cates that the mobile node physically approaches
the gateway device.

The method (100) of claim 1 or 2, wherein the detec-
tion unit further detects a direction of UWB signals
transmitted by the mobile node, and wherein the
localization handover unit performs said logical
handover in dependence on the determined spatial
movement and said direction of UWB signals trans-
mitted by the mobile node.

The method (100) of any preceding claim, wherein
the gateway device forms part of the second locali-
zation system.

The method (100) of any preceding claim, wherein
the first localization system is a satellite-based loca-
lization system and the second localization systemis
a localization system based on ultra-wideband,
UWB, communication.

The method (100) of claim 5, wherein the detection
unit detects (102) whether the mobile node is within
said predefined distance by causing one or more
UWB nodes of the second localization system to
perform an object detection operation, and wherein
the movement determination unit determines (104)
the spatial movement by causing the UWB nodes to
perform ranging operations with the mobile node.

The method (100) of any preceding claim, wherein
performing (106) the logical handover comprises
transmitting first data from the localization handover
unit to a localization unit comprised in the second
localization system, wherein said first data at least
includes a current position of the mobile node and a
direction of movement.

The method (100) of any preceding claim, wherein
performing (106) the logical handover comprises
transmitting second data from the localization hand-
over unit to the mobile node, wherein said second
data at least includes a map of a predefined area
covered by the second localization system.

The method (100) of any preceding claim, wherein
the detection unit detects (102) the mobile node by
periodically broadcasting discovery beacons and
receiving a response to at least one of said beacons,
or by receiving one or more beacons transmitted by
the mobile node.

10. The method (100) of any preceding claim, wherein
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1.

12,

13.

14.

15.

the detection unit further negotiates communication
parameters with the mobile node, said parameters
being usable by the movement determination unit
and the localization handover unit for communica-
tion with the mobile node.

The method (100) of any preceding claim, wherein
the localization handover unit instructs the mobile
node to cease interaction with the first localization
system after performing the logical handover.

The method (100) of claim 1, wherein:

the first localization system is an outdoor loca-
lization system and the second localization sys-
tem is an indoor localization system; or

the first localization systemis an indoor localiza-
tion system and the second localization system
is an outdoor localization system; or

the first localization systemis an indoor localiza-
tion system and the second localization system
is an indoor localization system.

A computer program comprising executable instruc-
tions which, when executed by a gateway device,
cause said gateway device to perform the method
(100) of any preceding claim.

A gateway device (200), comprising:

a detection unit (202) configured to detect that
an external mobile node is within a predefined
distance from the gateway device;
amovementdetermination unit (204) configured
to determine a spatial movement of the mobile
node;

a localization handover unit (206) configured to
perform a logical handover of the mobile node
from a first localization system to a second lo-
calization system in dependence on the spatial
movement determined by the movement deter-
mination unit (204).

The gateway device (200) of claim 14, wherein the
localization handover unit (206) is configured to per-
form said logical handover if the spatial movement
determined by the movement determination unit
(204) indicates that the mobile node physically ap-
proaches the gateway device (200).
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100\
102

Detecting, by a detection unit included in a gateway device, that an
external mobile node is within a predefined distance from the
gateway device

104
Determining, by a movement determination unit included in the
gateway device, a spatial movement of the mobile node

106
Performing, by a localization handover unit included in the gateway
device, a logical handover of the mobile node from a first
localization system to a second localization system in dependence
on the determined spatial movement

Fig. 1
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